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Al (21)347876 (22)2001 06 05 7(51) C01D 17/00 

(71) Instytut Chemii Przemyslowej im. Prof. 
Ignacego Moscickiego, Warszawa 

(72) Opaliriska Teresa, Pawlowski Slawomir, 
Polaczek Jerzy, Ulejczyk Bogdan 

(54) Spos6b redukcji ditlenku siarki 

do siarki elementarnej w strumieniu plazmy 

(57) Spos6b redukcji ditlenku siarki do siarki elementarnej, 
przez reakcje. ditlenku siarki z reduktorem w strumieniu plazmy, 
polega na tym, ze ditlenek siarki wprowadza sie. do strefy reakcji 
poza strefa. generacji strumienia plazmy, za$ reduktor stanowi 
skladnik gazu piazmotwdrczego lub reduktor wprowadza sie do strefy 
reakcji obok ditlenku siarki. 

(3 zastrzezenia) 
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(71) AMMONO Sp. z o.o., Warszawa; NICHIA 
CORPORATION, Anan Tokushima, JP 

(72) Dwilinski Robert; Doradzinski Roman; 
Garczynski Jerzy; Sierzputowski Leszek, US; 
Kanbara Yasuo, JP 

(54) Spos6b i urz^dzenie do otrzymywania 

objetoSciowego monokrystalicznego azotku 
zawierajacego gal 

(57) Sposob otrzymywania objetosciowego monokrystalicz- 
nego azotku zawierajacego gal odbywa sie w autokfawie, w sro- 
dowisku rozpuszczalnika nadkrytycznego zawierajacego jony me- 
tali alkalicznych i polega na rozpuszczeniu material zrodtowego 
i utworzeniu roztworu nadkrytycznego oraz jednoczesnej iub od- 
dzielnej krystaiizacji azotku zawierajacego gal z tego roztworu 
na powierzchni zarodka w temperaturze wyzszej i/lub cisnieniu 
nizszym niz dla procesu rozpuszczania. Sposob jest realizowany 
w urzadzeniu do otrzymywania objetosciowego monokrystali- 
cznego azotku zawierajacego gal, zaopatrzonym w autoklaw (1) 
do wytworzenia nadkrytycznego rozpuszczalnika, wyposazony 
w instalacje (2) do ustalenia przeptywu konwekcyjnego, osa- 
dzony wewna.trz pieca lub zespotu piec6w (4), wyposazonego 
w urzadzenia grzejne (5) i/lub urzadzenia chlodza.ce (6). 

(24 zastrzezenia) 




Al (21) 350546 (22)2000 03 23 7(51) C02F 3/34 
(31) 99 275381 (32) 1999 03 24 (33) US 

(86) 2000 03 23 PCT/US00/07638 

(87) 2000 09 28 WO00/56668 PCT Gazette nr 39/00 

(75) Perriello Felix Anthony, Norwood, US 

(54) Dezaktywacja skazen naftowych 

z wykorzystaniem bakterii utylizujqcych 
alkany 

(57) Przedmiotem wynalazku jest sposbb rozktedania naftd- 
wego czynnika skazajacego, kt6ry to spos6b obejmuje obrabianie 
skazenia naftowego bakteriami utylizujacyrni alkany w obecnosti 
co najmniej jednego alkanu i tlenu przez okres obr6bki wystar- 
czajacy dla bakterii utylizujacych alkany do roztozenia skazenia 
naftowego. Przedmiotem wynalazku jest tez sposob odkazania 
wody i miejsca skazonego. 

(43 zastrzezenia) 

Al (21)348000 (22)200106 07 7(51) C02F 11/00 

(7 1 ) ZaJdady Pomiarowo-Badawcze Energetyki 
ENERG OPOMI AR Sp. z o.o., Gliwice 

(72) Kondratowicz Gwidon, Grzegorzyca Piotr 
(54) Osadnik zuzla 

(57) Osadnik zuzla posiada dwa rownoiegte ciajgi, zawierajace 
szeregowo polaczone: komore osadcza. (1), komore klarowania (2) 
i komore wodna. (3). Pomiedzy komorami klarowania (2) a komo- 
rami wodnymi (3) jest pompownia wody drenazowej (5) i jeden 
wspolny zbiornik wody drenazowej (4). Sciana tylna komory kla- 
rowania (2) jest zaopatrzona od g6ry w wylewy (6) z elementami 
odcinajacymi (7). Wylewy (6) sa. umieszczone na rbznych pozio- 
mach ponizej przelewu (8) i od strony komory klarowania (2) sa. 
chronione blachami zaluzjowymi (9). Dno komory osadczej (1 ) i dno 
komory klarowania (2) maja. pochylenie rzedu 0,5 % w kierunku 
przeptywu wody. Usytuowane na ich dnach ztoza fiitracyjne (1) 
posiadaja. poprzecznie ulozone dreny szczelinowe (11), zakori- 
czone u gory szyna., wyposazony na kazdym kohcu w dwustron- 
ny uchwyt w ksztatcie grzybka. Kazdy dren szczelinowy (11) 
posiada na scianach bocznych poprzeczny wylew, ktdrym taczy 
si$ z sasiednim drenem szczelinowym (11), przy czym miejsce 
styku poprzecznych wylewow sasiednich drenow szczelinowych 
(11) jest nakryte dopasowana. obejma. z kaWakowym uchwytem. 

Dren szczelinowy (11) posiada konstrukcje szkieletowa., 
umocowana. do prostokatnej podstawy o bokach wieiokrotnie 
wiekszych od szerokosci. Na kortcu podstawy oraz w co najmniej 
pieciu miejscach, dzieiacych jej powierzchnie na jednakowe 
plaszczyzny, znajduja. sie prostopadte ptyty czotowe w ksztatcie 
prostokata ze scietymi gomymi rogami pod kytem co najmniej 50°. 
Wewnetrzne ptyty czotowe posiadaja. od dotu, usytuowane osio- 
wo, podiuzne prostokytne wyciecie. Na scianach bocznych kaz- 
dego drenu szczeiinowego (11), od podstawy do punktu sciecia 
gtimych rogow ptyty czoiowej jest prostokataa ptyta boczna z otwo- 
rem w ksztalcie zaokrajglonego u g6ry prostokata. Do krawedzi 
otworu umocowany jest wylew, ktbrego przekroj poprzeczny jest 
identyczny z ksztattem otworu. Do sc^tych gornych krawedzi ptyt 
czotowych oraz do ich powierzchni czotowych sa. umocowane 
ukoSnie, w jednakowych od siebie odlegtosciach na catej ich wy- 
sokoSci, rownolegte blachy tworzace zaluzjowe boki drenu 
szczeiinowego (1 1) z kanatami filtracyjnymi w postaci skrzeli. 

Dreny szczelinowe (11) ztoza fiitracyjnego (10) komory 
osadczej (1) i ztoza fiitracyjnego (10) komory klarowania (2) sa. 
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Process and the apparatus for obtaining of bulk mono-crystalline gallim 
containing nitride 



The object of this invention is the process for obtaining of bulk monocrystalline 
gallium-containing nitride through its crystallization from a supercritical solution on a 
seed, as well as the apparatus for obtaining bulk monocrystalline gallium-containing 
nitride, in particular the apparatus for the production of bulk monocrystalline gallium 
nitride by a process employing supercritical NH3 . 

Optoelectronic devices based on nitrides are usually manufactured on sapphire or 
silicon-carbide substrates that differ from the deposited nitride layers (so-called 
heteroepitaxy). In the most often used MOCVD method, the deposition of GaN is 
performed from ammonia and metal-organic compounds in a gas phase, while the growth 
rates reached make it impossible to afford a bulk layer. The application of a buffer layer 
reduces the dislocation density, but not more than to approx. 10 W. Another method was 
proposed for obtaining of bulk monocrystalline gallium nitride. It consists in an epitaxial 
deposition employing halides in a vapor phase (HVPE) [..Optical patterning of GaN films" 
M.K.Kelly, O.Ambacher, Appl. Phys. Lett. 69 (12) (1996) and ..Fabrication of thin-film 
InGaN light-emitting diode membranes" W.S.Wrong, T. Sands, Appl. Phys. Lett. 75 (10) 
(1999)]. This method enables preparation of GaN substrates of a 2-inch diameter. 
However, their quality is not sufficient for laser diodes, because the dislocation density 
continues to be approx. 10 7 to approx. 10W. Recently, the method of lateral epitaxial 
growth (ELOG) has been used for the reduction of a dislocation density. In this method the 
GaN layer is first grown on sapphire substrate and then a layer with Si0 2 is deposited on it 
in the form of strips or lattice. On the thus prepared substrate, in turn, the lateral growth of 
GaN, leading to a dislocation density lowering to approx. 10 7 /cm 2 , may be carried out. The 
growth of bulk crystals of gallium nitride and other metals of group XIII (IUPAC, 1989) is 
extremely difficult. Standard methods of crystallization from melt and sublimation 
methods are not applicable because of the decomposition of the nitrides into metals and N 2 . 
In the HNP method [..Prospects for high-pressure crystal growth of III-V nitrides" 
S.Porowski et al., Inst. Phys. Conf. Series, 137, 369 (1998)] this decomposition is inhibited 




by the use of nitrogen under the high pressure. The growth of crystals is carried out in 
molten gallium, i.e. in the liquid phase, resulting in the production of GaN platelets about 
10 mm in size. Sufficient solubility of nitrogen in gallium requires temperatures of about 
1 500°C and nitrogen pressures of the order of 15 kbar. 

In another known method, the supercritical ammonia was proposed to lower the 
temperature and decrease the pressure during the growth process. It was shown in 
particular that it is possible to obtain the crystalline gallium nitride by a synthesis from 
gallium and ammonia, provided that the latter contains gallium metal amides (KNH 2 or 
LiNH 2 ). The processes were conducted at temperatures of up to 550°C and under the 
pressure of 5 kbar, yielding crystals about 5 |im in size [„AMMONO method of BN, A1N, 
and GaN synthesis and crystal growth" R.Dwilinski et al, Proc. EGW-3, Warsaw, June 22- 
24, 1998, MRS Internet Journal of Nitride Semiconductor Research, 
http://nsr.mij. mrs.org/3/25]. Use of a supercritical ammonia also allowed the 
recrystallization of gallium nitride within the feedstock consisting of a fine-crystalline GaN 
[„Crystal Growth of gallium nitride in supercritical ammonia" J.W.Kolis et a/., J. Cryst. 
Growth 222, 431-434 (2001)]. The recrystallization was made possible by an introduction 
of amide (KNH 2 ) into the supercritical ammonia, along with a small quantity of a halide 
(KI). Processes conducted at 400°C and 3.4 kbar gave GaN crystals about 0.5 mm in size. 
However, no chemical transport processes were observed in the supercritical solution, in 
particular no growth on seeds. 

The lifetime of optical semiconductor devices depends primarily on crystalline 
quality of the optically active layers, and especially on a surface dislocation density. In case 
of GaN based laser diodes, it is beneficial to lower dislocation density in the GaN substrate 
layer to less than 10 6 /cm 2 , and this is extremely difficult in the methods used so far. 
Therefore, the main motivation of this invention is to obtain bulk nitride crystals of quality 
enabling their use as substrates for optoelectronics. 

This objective was achieved through developing a process for obtaining of a bulk 
monocrystalline gallium-containing nitride, which takes place in the autoclave, in the 
environment of supercritical solvent containing ions of alkali metals, and which comprises 
dissolving the feedstock and forming a supercritical solution, as well as a crystallization of 




a gallium-containing nitride from this solution on the surface of a seed at the temperature 
higher and/or pressure lower, than that for the dissolution process. The process may 
comprise the step of feedstock dissolution, and then a separate step of transition of the 
supercritical solution to higher temperature and/or lower pressure, wherein crystallization 
of gallium-containing nitride takes place on the surface of a seed. The process may 
comprise a step of simultaneous creation of at least two zones with different temperatures 
in the autoclave, whereas the gallium-containing feedstock is placed in the dissolution zone 
of lower temperature, while the seed is introduced to crystallization zone of higher 
temperature. The temperature difference between the dissolution zone and crystallization 
zone is controlled so as to ensure the chemical transport in a supercritical solution, which 
takes place through convection, and the temperature, difference between dissolution zone 
and crystallization zone is greater than 1°C. The gallium-containing nitride has the form of 
AlxGaj-x.ylnyN, wherein 0<x<l, 0<y<l, 0<x+y<l and may contain dopants of donor and/or 
acceptor and/or magnetic type. The supercritical solvent contains NH 3 and/or its derivatives 
as well as ions of alkali metals, at least those of potassium. The feedstock consists basically 
of gallium-containing nitride and/or its precursors selected from a group consisting of 
azides, imides, amido-imides, amides, hydrides, metallic compounds and gallium- 
containing alloys, as well as metallic gallium. The seed, on the other hand, contains at least 
a crystalline layer of a gallium-containing nitride and/or other element(s) of group XIII 
(according to IUPAC, 1989) of dislocation density below 10 6 /cm 2 . The crystallization of a 
gallium-containing nitride takes place at the temperatures of 100 to 800°C and the 
pressures between 100 and 10000 bar, while the content of alkali metals ions in 
supercritical solvent is controlled so as to ensure adequate levels of solubility of both 
feedstock and gallium-containing nitride, while the molar ratio of alkali metal ions to 
remaining constituents in supercritical solvent is controlled in the range from 1 :200 to 1 :2. 

The apparatus for obtaining monocrystalline gallium-containing nitride comprises 
an autoclave for obtaining of a supercritical solvent equipped with an installation for 
establishing a convection flow, mounted inside a furnace or a set of furnaces equipped with 
heating and/or cooling devices. The furnace or the set of furnaces has a high-temperature 
zone coinciding with crystallization zone of the autoclave with heating devices, and a low- 




temperature zone coinciding with dissolution zone of the autoclave with heating and/or 
cooling devices, and may as well have a high-temperature zone with heating and/or cooling 
devices, as well as a low-temperature zone with heating and/or cooling devices. The 
installation for establishing convection flow may be made in the form of horizontal baffle 
or baffles having central and/or circumferential openings, separating the crystallization and 
dissolution zones. In the autoclave, the feedstock is placed in the dissolution zone and the 
seed is located in the crystallization zone, while the flow of supercritical solution between 
dissolution and crystallization zones is determined by the above installation. The 
dissolution zone is located above the horizontal baffle or horizontal baffles, while the 
crystallization zone is located below the horizontal baffle or horizontal baffles. 

The performed tests showed that the best bulk monocrystalline gallium nitride 
obtained had the dislocation density close to 10 4 /cm 2 with simultaneous half-width of X- 
ray rocking curve from (0002) plane below 60 arcsec, providing an appropriate quality and 
durability of optic semiconductor devices produced with its use. 

The object of this invention is illustrated in the Drawing where Fig. 1 presents the 
plot of dependence of solubility of GaN in supercritical ammonia that contains potassium 
amide (with KNH 2 :NH 3 =0.07) on pressure at T=400°C and T=500°C, Fig. 2 shows the 
diagram of time variations of temperature in autoclave at p = const for Example 1, Fig. 3 
shows the diagram of time variations of pressure in autoclave at T = const for Example 2, 
Fig. 4 presents the diagram of time variations of temperature in autoclave at constant 
volume for Example 3, Fig. 5 presents, the diagram of time variations of temperature in 
autoclave for the description of Example 4, Fig. 6 presents the diagram of time variations 
of temperature in autoclave for the description of Example 5, Fig. 7 presents the diagram of 
time variations of temperature in autoclave for the description of Example 6, Fig. 8 
presents the diagram of time variations of temperature in autoclave for Example 7. In turn 
Fig. 9 shows the autoclave, as described in Examples 4, 5, 6, and 7, mounted in furnace set 
in axial section, and finally the Fig. 10 is a perspective drawing of the apparatus for 
obtaining of a bulk monocrystalline gallium-containing nitride. 

GaN exhibits good solubility in supercritical NH 3 , provided alkali metals or their 
compounds, such as KNH 2 , are introduced into it. Diagram in Fig. 1 presents the GaN 



solubility in a supercritical solvent versus pressure for temperatures of 400 and 500°C 
wherein the solubility is defined by the molar percentage: S m ■ GaN solvenl : (KNH 2 + NH 3 ) 
100%. In the presented case the solvent is the KNH 2 solution in a supercritical ammonia of 
a molar ratio x & KNH 2 : NH 3 equal to 0.07. The diagram indicates that the solubility is 
5 increasing with pressure and decreasing with temperature. These relationships allow to 
obtain a bulk monocrystalline gallium-containing nitride through its dissolving in the 
higher solubility conditions, and a crystallization in the lower solubility conditions. In 
particular, the negative temperature coefficient means that, in the presence of temperature 
gradient, the chemical transport of gallium-containing nitride shall take place from the 

10 dissolution zone of the lower temperature to the crystallization zone of the higher 
temperature. It also turned out that other gallium compounds, and even metallic gallium, 
may also be the source of ammonia complexes of gallium. For example, gallium complexes 
can be introduced to a solvent of the composition specified above from the simplest 
substrate, such as metallic gallium. Then, through an appropriate modification of 

15 conditions (e.g. an increase in temperature) a formation of a supersaturated solution in 
respect to gallium-containing nitride is achieved and a crystallization on a seed occurs. The 
process according to invention allows the growth of bulk monocrystalline gallium- 
containing nitride on the seed and leads in particular to creation of stoichiometric gallium 
nitride, obtained in the form of monocrystalline bulk layer grown on a gallium-nitride seed. 

20 Since such a monocrystal is obtained in a supercritical solution that contains ions of alkali 
metals, it contains also alkali metals in quantity higher than 0.1 ppm. Because it is desired 
to maintain a purely basic character of a supercritical solution, mainly in order to avoid 
corrosion of the apparatus, halides are intentionally not introduced into the solvent. The 
process enables also to obtain a bulk monocrystalline gallium nitride, wherein from 0,05 to 

25 0.5 Ga may be substituted with Al and/or. In. The possibility of smooth change of the 
composition means the possibility of modifying the lattice constant of the nitride obtained. 
Moreover, the bulk monocrystalline gallium nitride may be doped with dopants of donor 
(e.g. Si, O) and/or acceptor (e.g. Mg, Zn) and/or magnetic (e.g. Mn, Cr) type in 
concentrations from 10 17 to 10 21 /cm 3 . These dopants modify optical, electric and magnetic 

30 properties of a gallium-containing nitride. Concerning the other physical properties, the 



bulk monocrystalline gallium nitride has a dislocation density below 10 6 /cm 2 , preferably 
below 10 5 /cm 2 , or most preferably below 10 4 /cm 2 . Besides, the half- width of its X-ray 
rocking curve from (0002) plane is below 600 arcsec, preferably below 300 arcsec, and 
most preferably below 60 arcsec. The best bulk monocrystalline gallium nitride obtained 
5 may have dislocation density lower than 10 4 /cm 2 and simultaneously half- width of X-ray 
rocking curve from (0002) plane below 60 arcsec. 

Example 1 

Two crucibles were put into high-pressure autoclave of 10.9 cm 3 capacity 
manufactured according to a known design [H.Jacobs, D.Schmidt, Current Topics in 

10 Materials Science, vol.8, ed. E.Kaldis (North-Holland, Amsterdam, 1981), 381], one of the 
crucibles containing 0.4 g of the feedstock of gallium nitride in the form of 0.1 mm plates 
produced by the HVPE method, and the other containing a seed of a double thickness 
weighing 0.1 g, also obtained by the HVPE method. Further, 0.72 g of metallic potassium 
of 4N purity was put into the autoclave and the autoclave was filled with 4.8 lg of ammonia 

15 and then closed. The autoclave was put into a furnace and heated to the temperature of 
400°C. The pressure within the autoclave was 2 kbar. After 8 days the temperature was 
increased to 500°C, while the pressure was maintained at the 2 kbar level and the autoclave 
was maintained in these conditions for another 8 days (the diagram in Fig. 2). As a result of 
the process the feedstock became completely dissolved and the recrystallization of gallium 

20 nitride layer took place on the partially dissolved seed. 

Example 2 

Two crucibles were put into high-pressure autoclave of 10.9 cm 3 , one of the 
crucibles containing 0.44 g of the feedstock of gallium nitride in the form of 0.1mm thick 
plates produced by the HVPE method, and the other containing a seed of a double 
25 thickness weighing O.lg, also obtained by the HVPE method. Further, 0.82 g of metallic 
potassium of 4N purity was put into the autoclave and the autoclave was filled with 5.43g 
of ammonia and then closed. The autoclave was put into a furnace and heated to 
temperature of 500°C. The pressure within the autoclave was 3.5 kbar. After 2 days the 
pressure was lowered to 2 kbar, while the temperature was maintained at the 500°C level 




and the autoclave was maintained in these conditions for another 4 days (the diagram in 
Fig. 3). As a result of the process the feedstock became completely dissolved and the 
recrystallization of gallium nitride layer took place on the partially dissolved seed. 

Example 3 

5 Two crucibles were put into high-pressure autoclave of 10.9 cm 3 , one of the 

crucibles containing 0.3 g of the feedstock in the form of metallic gallium of 6N purity and 
the other containing a O.lg seed obtained by the HVPE method. Further, 0.6 g of metallic 
potassium of 4N purity was put into the autoclave and the autoclave was filled with 4 g of 
ammonia and then closed. The autoclave was put into a furnace and heated to temperature 
10 of 200°C. After 2 days the temperature was increased to 500°C, while the pressure was 
maintained at the 2 kbar level and the autoclave was maintained in these conditions for 
further 4 days (the diagram in Fig. 4). As a result of the process the feedstock became 
completely dissolved and the recrystallization of gallium nitride layer took place on the 
seed. 

15 -Example 4 

The amount of 3.0g of gallium nitride produced by the HVPE method was put into 
high-pressure autoclave 1 of 35.6 cm 3 capacity (Fig. 9). This amount was distributed in 
equal portions in the dissolution zone 13 and the crystallization zone 14. Metallic 
potassium of 4N purity was also added in quantity of 2.4g. Then the autoclave 1 was filled 

20 with 1 5.9g of ammonia (5N), closed, put into a set of furnaces 4 and heated to temperature 
of 450°C. The pressure inside the autoclave 1 was approx. 2 kbar. After an entire day the 
temperature of the crystallization zone 14 was increased to 500°C while the temperature of 
the dissolution zone 13 was lowered to 400°C and the autoclave 1 was kept in these 
conditions for the subsequent 6 days (the diagram in Fig. 5). As a result of this process the 

25 partial dissolution of material in the dissolution zone 13 and the growth of gallium nitride 
on gallium-nitride seeds in the crystallization zone 14 took place. 

Example 5 

A high pressure autoclave 1 of 35.6 cm 3 capacity (Fig. 9) is charged with the 
feedstock in the form of 3.0g pellet of sintered gallium nitride (introduced into the 




dissolution zone 13), seeds of gallium nitride obtained by the HVPE method (introduced 
into the crystallization zone 14), as well as with 2.4g of metallic potassium of 4N purity. 
Then the autoclave was filled with 1 5.9g of ammonia (5N) and closed. The autoclave 1 was 
then put into a set of furnaces 4 and heated to 480°C. The pressure inside the autoclave was 
5 about 2 kbar. After an entire day the temperature of the crystallization zone 14 was raised 
to 500°C, while the temperature of dissolution zone 13 was lowered to 420°C and the 
autoclave was maintained in this conditions for further 6 days (the diagram in Fig. 6). As a 
result of the process the feedstock became partially dissolved in the dissolution zone 13 
and gallium nitride grew on seeds in the crystallization zone 14. 

10 Example 6 

A high pressure autoclave 1 of 36 cm 3 capacity (Fig. 9) was charged with 1.6g of 
the feedstock in the form of gallium nitride produced with the HVPE method (introduced 
into the dissolution zone 13), 0.8g of gallium nitride seeds, also obtained by the HVPE 
method (introduced into the crystallization zone 14), as well as with 3.56 g of metallic 

15 potassium of 4N purity. The autoclave 1 was filled with 14. 5 g of ammonia (5N) and 
closed. Then the autoclave 1 was put into a set of furnaces 4 and heated to 425°C. The 
pressure inside the autoclave was approx. 1.5 kbar. After an entire day the temperature of 
dissolution zone 13 was lowered to 400°C while the temperature of crystallization zone 14 
was increased to 450°C and the autoclave was kept in these conditions for the subsequent 8 

20 days (the diagram in Fig. 7). After the process the feedstock was found to be partially 
dissolved in dissolution zone 13 and gallium nitride grew on seeds of the HVPE GaN in 
the crystallization zone 14. 

Example 7 

A high pressure autoclave 1 of 36 cm 3 capacity (Fig. 9) was charged in its 
25 dissolution zone 13 with 2g of a feedstock in the form of gallium nitride produced by the 
HVPE method and 0.47g of metallic potassium of 4N purity and in its crystallization zone 
14 with 0.7g of GaN seeds also obtained by the HVPE method. The autoclave was filled 
with 16.5g of ammonia (5N) and closed. Then the autoclave 1 was put into a set of 
furnaces 4 and heated to 500°C. The pressure inside the autoclave was approx. 3 kbar. 



10 



After an entire day the temperature in the dissolution zone 13 was reduced to 450°C while 
the temperature in the crystallization zone 14 was raised to 550°C and the autoclave was 
kept in these conditions for the following 8 days (the diagram in Fig. 8). After the process 
the feedstock was found to be partially dissolved in the dissolution zone 13 and gallium 
5 nitride grew on seeds in the crystallization zone 14. 

The described process is carried out in the apparatus for obtaining bulk mono- 
crystalline gallium-containing nitride in a supercritical solvent. The basic unit of the 
apparatus is the autoclave 1 for obtaining solvent in a supercritical state, equipped with an 
installation 2 for providing a chemical transport of a solvent in a supercritical solution 

10 inside the autoclave 1. For this purpose, the autoclave 1 is put into a chamber 3 of a set of 
two furnaces 4 provided with heating 5 and/or cooling 6 devices and secured in a desired 
position in respect to furnaces 3 by means of screw-type blocking device 7. The furnaces 4 
are mounted on a bed 8 and secured by means of steel tapes 9 wrapped around the furnaces 
4 and the bed 8, and the bed, together with the set of furnaces 4 is mounted rotationally in 

15 base 10 and secured in desired angular position by means of pin interlock 11. Due to this 
the speed and type of convection flow in autoclave 1 can be controlled. In the autoclave 1, 
placed in the set of furnaces 4, the convection flow of supercritical solution takes place as 
determined by the installation 2, made in the form of horizontal baffle or horizontal baffles 
12 with central and/or circumferential opening, separating the dissolution zone 13 from the 

20 crystallization zone 14 in the autoclave 1, while the temperature level of individual zones 
in the autoclave 1 in the temperature range from 100 to 800°C is set on furnaces 4 by 
means of a control system 15. In the autoclave 1, the dissolution zone 13 coinciding with 
the low-temperature zone of the set of furnace 4, is located above the horizontal baffle or 
horizontal baffles 12 and the feedstock 16 is put into said zone 13. On the other hand, the 

25 crystallization zone 14 coincides with the high-temperature zone of the set of furnace 4 and 
it is located below the horizontal baffle or baffles 12. The seed 17 is mounted in this zone 
while the mounting location of said seed 17 is set below the intersection of rising and 
descending convection streams. 




Due to a good crystalline quality the obtained bulk monocrystalline gallium- 
containing nitride may be used as a substrate material for optoelectronic semiconductor 
devices based on nitrides, in particular for laser diodes. 
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5 Claims 

1 . A process for obtaining a bulk monocrystalline gallium-containing nitride, 
characterized in that it is performed in an autoclave, in the environment of a supercritical 

10 solvent containing ions of alkali metals, wherein the feedstock becomes dissolved to form 
supercritical solution, and the gallium-containing nitride becomes crystallized from that 
solution on the surface of a seed at the temperature higher , and/or pressure lower than the 
temperature of the dissolution. 

2. The process according to claim 1 5 characterized in that said process 
15 comprises the steps of dissolving the feedstock and a separate step of transferring the 

supercritical solution to the higher temperature and/or to the lower pressure. 

3. The process according to claim 1, characterized in that said process 
comprises the step of simultaneous creation of at least two zones of different temperatures, 
said gallium-containing feedstock is placed in the dissolution zone of the lower 

20 temperature, while the seed is placed in the crystallization zone of the higher temperature. 

4. The process according to claim 3, characterized in that said temperature 
difference between said dissolution zone and said crystallization zone is controlled as to 
ensure chemical transport in the supercritical solution. 

5. The process according to claim 4, characterized in that said chemical 
25 transport in the supercritical solution takes place through convection. 

6. The process according to claim 4, characterized in that said temperature 
difference between the dissolution zone and the crystallization zone is greater than 1°C. 

7. The process according to claim 1, characterized in that said gallium- 
containing nitride has the form of Al x Gai. x . y In y N, where 0<x<l , 0<y<l , 0<x+y<l . 



2 



8. The process according to claim 1, characterized in that said gallium- 
containing nitride may contain dopants of a donor and/or acceptor and/or magnetic type. 

9. The process according to claim 1, characterized in that said supercritical 
solvent contains NH 3 and/or its derivatives. 

5 10. The process according to claim 1, characterized in that said supercritical 

solvent contains at least potassium ions. 

11. The process according to claim 1. characterized in that said feedstock 
consists basically of a gallium-containing nitride and/or its precursors. 

12. The process according to claim 1 1, characterized in that said precursors are 
10 selected from a group consisting of azides, imides, amido-imides, amides, hydrides, 

metallic compounds and gallium-containing alloys, as well as metallic gallium. 

13. The process according to claim 1, characterized in that said seed has at least 
a crystalline layer of a gallium-containing nitride and/or other elements of Group XIII 
(according to IUPAC, 1989). 

15 14. The process according to claim 1, characterized in that said seed has at least 

6 2 

a crystalline layer of gallium-containing nitride with a dislocation density below 10 /cm . 

15. The process according to claim 1, characterized in that said crystallization 
of a gallium-containing nitride takes place at the temperatures from 100 to 800°C. 

16. . The process according to claim 1, characterized in that said crystallization 
20 of a gallium-containing nitride takes place at the pressures from 100 to 10000 bar. 

17. The process according to claim 1, characterized in that the content of alkali 
metal ions in a supercritical solvent is controlled so as to provide adequate levels of 
solubility of said feedstock as well as said gallium-containing nitride. 

18. The process according to claim 1, characterized in that the molar ratio of 
25 said alkali-metal ions to the remaining components in a supercritical solvent is controlled 

within the range of 1 :200 to 1:2. 

19. An apparatus for obtaining of a monocrystalline gallium-containing nitride, 
comprising autoclave (1) for producing of supercritical solvent, equipped with installation 
(2) for establishing a convection flow, mounted inside furnace or set of furnaces (4) 

30 equipped with heating (5) and/or cooling (6) devices. 
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20. The apparatus according to claim 19, characterized in that said furnace or 
set of furnaces (4) has the high-temperature zone coinciding with the crystallization zone 
(14) of said autoclave (1) equipped with heating devices (5), and the low-temperature zone 
coinciding with dissolution zone (13) of the autoclave (1) equipped with heating (5) and/or 
cooling (6) devices. 

21. The apparatus according to claim 19, characterized in that said furnace or 
set of furnaces (4) has the high-temperature zone coinciding with the crystallization zone 
(14) of said autoclave (1) equipped with heating (5) and/or cooling (6) devices, as well as 
the low-temperature zone coinciding with the dissolution zone (13) of the autoclave (1) 
equipped with heating (5) and/or cooling (6) devices. 

22. The apparatus according to claim 19, characterized in that said installation 
(2) is made in the form of a horizontal baffle or horizontal baffles (12) having central 
and/or circumferential openings, separating the crystallization zone (14) from the 
dissolution zone (13) . 

23. The apparatus according to claim 19, characterized in that said feedstock 
(16) is placed in autoclave (1) in the dissolution zone (13), and said seed (17) is placed in 
the crystallization zone (14), and said flow of supercritical solution between the zones (13) 
and (14) is established by said installation (2). 

24. The apparatus according to claim 22, characterized in that said dissolution 
zone (13) is located above said horizontal baffle or horizontal baffles (12), whereas said 
crystallization zone (14) is located below said horizontal baffle or horizontal baffles (12) . 
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